SUMMARY Platelets were cryopreserved in four different cryoprotectives-two intracellular (dimethylsulphoxide, glycerol) and two extracellular (hydroxyethyl starch, dextran). The platelets were evaluated according to their yields, hypotonic shock response, and serotonin uptake, which are useful parameters for establishing optimum storage conditions. Hydroxyethyl starch and dextran were found to be poor cryoprotectives while 50% dimethylsulphoxide was the most suitable. Much work has already been carried out towards establishing the optimum method for cryopreservation of platelets. Dimethylsulphoxide (DMSO) has been shown by many workers'-4 to be a suitable cryoprotective agent, while others5 6 have shown glycerol-glucose to be successful. With these methods the thawed platelets need to be washed to remove the cryoprotective before transfusion. Choudhury and Gunstone,7 however, described a method for freezing platelets using hydroxyethyl starch (HES) as a cryoprotective agent. The platelets could be transfused after thawing without prior washing. Eliminating the need to wash platelets before transfusion has many advantages, but Raymond et C£4.8 found that recovery of platelets preserved in 5Y% HES and 5 % dextran was poor.
Blood transfusion centres are under considerable pressure to produce an ever-increasing number of platelet concentrates for treating a wide variety of clinical conditions. The maximum shelf-life of platelet concentrates stored at 40C or 220C is 72 hours, which makes inventory control very difficult. The successful long-term cryopreservation of platelets, prepared on a large scale either from single or pooled donations or from donations collected from cell separators, would be a considerable advance. An HLA-typed platelet bank would also be invaluable for providing platelets for patients requiring HLA compatible platelets.
Much work has already been carried out towards establishing the optimum method for cryopreservation of platelets. Dimethylsulphoxide (DMSO) has been shown by many workers'-4 to be a suitable cryoprotective agent, while others5 6 have shown glycerol-glucose to be successful. With these methods the thawed platelets need to be washed to remove the cryoprotective before transfusion. Choudhury and Gunstone,7 however, described a method for freezing platelets using hydroxyethyl starch (HES) as a cryoprotective agent. The platelets could be transfused after thawing without prior washing. Eliminating the need to wash platelets before transfusion has many advantages, but Raymond et C£4.8 found that recovery of platelets preserved in 5Y% HES and 5 % dextran was poor.
In this present study platelet cryopreservation was carried out using two intracellular (DMSO, glycerol) and two extracellular (HES, dextran) cryoprotective agents. Serotonin (5HT) uptake and hypotonic shock response (HSR) have been carried out on the cryoAccepted for publication 9 June 1980 preserved platelets as these tests are excellent for evaluating preserved platelets.9-13
Methods

PLATELET CONCENTRATE PREPARATIONS
Platelet-rich plasma (PRP) was prepared from fresh whole blood, collected in ACD anticoagulant, within six hours of collection by centrituging at 2900 rpm (2260 g) for 90 s at 220C in a Damon PR6000 centrifugewith interior wind-shielded, swing-outhead.
The PRP was acidified by adding 35 ml ACD anticoagulant and then agitated to ensure mixing. The platelet concentrate (PC) was prepared by centrifuging the acidified PRP at 3500 rpm (3000 g) for 20 min at 22°C. The platelet button was resuspended immediately in 20 ml autologous plasma and the remaining acidified platelet-poor plasma (PPP) was retained for use in further processing of the platelets.
CRYOPRESERVATION
The platelets were frozen in polyolefin platelet freezing bags (Ucar blood freezing bags, Union Carbide). The bags were placed in an aluminium container for both freezing and storage. A Union Carbide controlled rate freezer was used to obtain the required freezing rates and the units were cooled to -80°C. Then they were transferred, in the aluminium containers, to the vapour phase of liquid nitrogen, where they were stored until required for reconstitution.
The platelet freezing methods were as follows.
(1 Altering the glycerol-sugar concentrations had little effect on the serotonin uptake of the cryopreserved platelets. The effect of glycerol on HSR increases with increase in glycerol concentration (Figure) such that there is little HSR for platelets incubated with 6% glycerol and 3% glucose. The relative HSR for platelets cryopreserved in 5% glycerol and 4% glucose was marginally better than for platelets in 3Y% glycerol and 3% glucose. While there was little difference in the percentage yield of platelets preserved at these concentrations, the best yeilds were obtained when 6% glycerol and 3% glucose was used (Table 1) . Other glycerol-sugar concentrations (in the range 5%-10% glycerolglucose and 3 %-6 % glycerol-sorbitol) were tried but the results were not improved (unpublished results).
3*
Of the four cryoprotective agents tested DMSO appears the most suitable. There is little difference between the percentage yield (Table 1 ) and the serotonin uptake (Table 2) for the platelets cryopreserved in 5% DMSO with freezing either at a controlled rate of r°C/min or by placing directly into the vapour phase of liquid nitrogen. However, the relative HSR is noticeably higher for platelets frozen at 1VC/min (Figure) . Gas liquid chromatography (GLC) was carried out to determine the residual DMSO concentration in cryopreserved platelets, recovered and prepared for transfusion. Twelve units were tested and a mean value of 113 mg (± 29 mg, 1 SD) DMSO per unit of platelets was found, which is about 5 % of the original DMSO.
Discussion
The results of this present study have indicated that hydroxyethyl starch and dextran are poor cryoprotective agents for the long-term storage of platelets. Choudhury and Gunstone7 reported satisfactory results using HES but their results are also at variance with Odink and Sprokholt.19 Different molecular weight HESs (150 000-450 000) and faster freezing rates (from 40C/min to direct immersion in liquid nitrogen) were tried in this present study but they also gave poor results (unpublished results). In the present work the methods of testing the platelets in vitro differed from those used by Choudhury and Gunstone.7 Platelet factor 3 availability was not determined because it was considered unsuitable for monitoring platelet production and storage. 13 Choudhury and Gunstone counted platelets using Kim and Baldini9 have shown that glycerol has a marked effect on HSR and the effect increases with increasing glycerol concentration. Bakry and McGill22 reported that the ultrastructural integrity appeared to be maintained in platelets incubated in 3% glycerol. They were discoid shaped, contained normal numbers of granules, and their surface membranes appeared intact. However, at 6 % glycerol and higher the number and electron density of the granules were significantly reduced. Meryman and Burton23 and Kahn24 state that other workers have found cryopreservation of platelets using glycerol to be unsuccessful.
In-vitro testing of platelets cryopreserved in 5% DMSO and frozen at 1°C/min has been carried out by some In the first experiments with transfusion of DMSO-preserved platelets the DMSO was not removed from the thawed platelets before transfusion and there were side effects from the infusion. 27 Handin and Valeri' showed that platelet recovery in vivo was adversely affected by the presence of DMSO at the time of transfusion. In addition, since the long-term toxicity of large volumes of intravenous DMSO is uncertain, the platelets are now washed to remove the DMSO before infusion. In the present work only 5% of the DMSO remained. Kim and Baldini'6 have also reported low concentrations of residual DMSO-a 20-ml PC contained 45 mg (21-78 mg) of residual DMSO after a single washing with 120-150 ml PPP.
Kim and Baldini9 showed that 5 % DMSO had a definite though not large influence on the reversal reaction, while 10% and 15% had a greater effect. Odink and Sprokholt28 showed that incubation with 5% DMSO had more effect on HSR than on the serotonin uptake velocity. Murphy et al.3 reported that as the DMSO concentration increased the theoretical increase in cryoprotective effect was apparently offset by the agents inherent toxicity and they concluded that 5% DMSO was optimal.
From the results presented here DMSO is clearly the most suitable cryoprotective even though many platelets are lost during the process. Cryopreservation of platelets using 5% DMSO may be of great use when fresh platelets are not available and when compatible platelets are required. Platelets cryopreserved in 5 % DMSO in this laboratory are being transfused and a further report will follow. I thank Mr J Allen for the gas liquid chromatography work and Dr ID Fraser for his aid in preparing this paper. 
